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In this paper, we study the Ehlers’ transformation (sometimes called gravitational
duality rotation) for reciprocal static metrics. First we introduce the concept of re-
ciprocal metric. We prove a theorem which shows how we can construct a certain new
static solution of Einstein field equations using a seed metric. Later we investigate the
family of stationary spacetimes of such reciprocal metrics. The key here is a theorem
from Ehlers’, which relates any static vacuum solution to a unique stationary metric.
The stationary metric has a magnetic charge. The spacetime represents Newman -Unti-
Tamburino (NUT) solutions. Since any stationary spacetime can be decomposed into a
1 + 3 time-space decomposition, Einstein field equations for any stationary spacetime
can be written in the form of Maxwell’s equations for gravitoelectromagnetic fields. Fur-
ther we show that this set of equations is invariant under reciprocal transformations.
An additional point is that the NUT charge changes the sign. As an instructive exam-
ple, by starting from the reciprocal Schwarzschild as a spherically symmetric solution
and reciprocal Morgan-Morgan disk model as seed metrics we find their corresponding
stationary space-times. Starting from any static seed metric, performing the reciprocal
transformation and by applying an additional Ehlers’ transforation we obtain a family
of NUT spaces with negative NUT factor (reciprocal NUT factors).
Keywords: Newman -Unti-Tamburin spacetime; Ehlers’ transformation; gravitoelectro-
magnetic fields.
∗Corresponding author
1
September 25, 2018 8:20 WSPC/INSTRUCTION FILE reciprocal-ijgmmp
2 D. MOMENI at al.
1. Introduction
Exact solutions of Einstein gravitational field equations are represented by
Lorentzian manifolds with metric gµν(x
ρ), µ, ν, ρ.... = 0, 1, 2, 3, .., satisfies the com-
mon form of Einstein equation:
Rµν − 1
2
gµνR =
8piG
c4
Tµν (1)
Here gµν , is a measure of theory . The Ricci tensor Rµν = g
ρσRρµσν , where g
µρgρν =
δµν (see [1] for a complete list of possible solutions). Based on different forms of energy
momentum tensor, the following are the types of well-known exact solutions: (i)
Vacuum solutions, (ii) Electrovacuum solutions, (iii) Null dust solutions, (iii) Fluid
solutions, (iv) Scalar field solutions and (v) Lambda-vacuum solutions [1,2]. As
a natural extension of the vacuum spherically symmetric solution to stationary
systems, the NUT solution is given (in t, r, θ, φ coordinates) in the following form
[3]
ds2 = (r2 + l2)(dθ2 + sin2 θdφ2)− f(r)(dt + 2l cos θdφ)2 + f−1(r)dr2. (2)
where, f(r) = r
2−mr−l2
r2+l2 and l defines the magnetic mass (charge) or NUT factor
and m is the point mass in Schwarzschild space [3]. Further drˆ2 denotes the metric
of unit sphere. NUT spacetime is a vacuum solution but is not asymptotically
Euclidean so we can’t construct a field theory on it. NUT-Space was discovered in
Ehlers’ thesis [4]and later rediscovered [3]. Diffferent aspects of this solutions have
been studied in the literature[5,6,7,8,9].
Derivation of NUT spacetime using Ehlers’ transformation is known. In the
present work we study a more complex version of such transformation. We start by
a static seed metric which solves Einstein field equations in vacuum. We present
and prove a theorem from Buchdahl [10],it shows that how we can construct an-
other static vacuum solution of Einstein gravity,which is not a formal coordinate
transformation of the old one. The new metric is called reciprocal. We explain by
reciprocal what we mean physically. As a motivated idea we use the Ehlers’ trans-
formation along with the (1 + 3) decomposition of stationary spacetimes (gravi-
toelectromagnetic) for reciprocal metrics . We obtained reciprocal Schwarzschild
metric as a reciprocal analogue of the original one. Further, we derive reciprocal
Morgan-Morgan-NUT as seed metric of a generalized reciprocalMorgan-Morgan-
NUT with negative NUT parameter. It should be mentioned that we shall use units
in which i, j, a, b, .. = 1...3(spatial) while µ, ν, .. = 0..3 and c = G = 1. Rest of the
paper is organized as follows: In section II, starting from a static (time independent)
vacuum solution of Einstein field equations, we perform a reciprocal transformation
on it. In section III, we have elaborated the basic idea of Ehlers’ transformation
to find a way on how we can generate a certain family of stationary metrics from
the given static metrics. Duality in gravitoelectromagnetism and reciprocal trans-
formation has been discussed in section IV. In sections V, VI, VII and VIII we have
discussed the reciprocal Schwarzschild spacetime, Reciprocal NUT space from re-
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ciprocal Schwarzschild through Ehlers’ transformation, Reciprocal Morgan-Morgan
disk space and Reciprocal Morgan-Morgan-NUT respectively. We have concluded
in section X.
2. Reciprocal static metrics
At the beginning of the present section we first state the main proposal of the
reciprocal principle. We follow the terminology of [10]. The concept of metric g¯
reciprocal to metric g was defined by the following n ≥ 4-dimensional metric:
gµνdx
µdxν = gij(x
k)dxidxj + gaa(dx
a)2, (seed)⇐⇒ g¯ = (gaa) 2n−3 gijdxidxj + (dx
a)2
gaa
, (reciprocal).(3)
In vacuum , Rµν = 0. Both metrics gµν , g¯µν must be static. It means a coordinate
xa exists such that the metric gµν satisfies the conditions:
gia = 0,
∂gµν
∂xa
= 0. (4)
The reciprocal algorithm works if g, g¯ satisfy the vacuum Einstein equation. Under
reciprocal transformation the Einstein field equations are invariant. If we denote by
T νµ =
1
2δ
ν
µR−Rνµ the corresponding tensor-density,then reciprocal algorithm follows
by these identities:
T¯ ki = T
k
i ,
(
T¯ aa −
1
n− 3 T¯
i
i
)
= −
(
T aa −
1
n− 3T
i
i
)
. (5)
If we define Qνµ = T
ν
µ − 1n−3δνµT ii , then (5) may be written in the form:
Q¯ki = Q
k
i , Q¯
a
a = −Qaa. (6)
So we conclude as the following: Reciprocal transformation of two static metrics is
a transformation which preserves the form of Einstein equation and additionaly ,
under this transformation the components of the quantity Qνµ decomposed to Q
j
i
(tensor),Qaa(scalar) behave like (6). If we take x
a = t (time), we can underestand
the scalar Qaa as energy.
After this introduction to the topic we follow our search to find the four dimen-
sional examples. If we choice n = 4, a = 0,we start from a static (time independent)
vacuum solution of Einstein field equations in the following representation:
g ≡ gikdxidxk + g00(dx0)2. (7)
It solves vacuum field equations Gµν(g) = 0. We have a theorem about such metrics
Theorem: Starting from (7) as seed metric, we perform a reciprocal transformation
on it. The following new metric is also an exact solution of vacuum field equations
Gµν(g¯) = 0:
g¯ ≡ (g00)2gikdxidxk + (dx
0)2
g00
. (8)
Proof : To prove this theorem it is needed that we pass some intermediate steps
by some lemma.
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lemma.a: Let the general n dimensional metric be in the following static form:
gµνdx
µdxν = gˆikdx
idxk + e2γ(dxa)2. (9)
The Ricci tensor associated to this spacetime Vn can be written in the following
forms:
Rik = Rˆik + βik, βik = ∇i∇kγ +∇iγ∇kγ (10)
Ria = 0, R
a
a = gˆ
ikβik = β. (11)
Here Rˆik is the Ricci tensor of metric gˆ.
lemma.b: Now if we write gˆik = e
2σg0ik and ,g
0
ik is metric of V
0
n−1. Vn−1 is
conformal to V 0n−1,so we have:
Rˆik = R
0
ik + (n− 3)(∇i∇kσ −∇iσ∇kσ) + g0ik
[
g0,lm∇l∇mσ + (n− 3)g0,lm∇lσ∇mσ
]
.(12)
Here
∇iγ = ∂iγ,∇i∇kγ = ∂ikγ − (∇iσ∇kγ +∇kσ∇iγ) + g0ik(g0,lm∇lσ∇mγ).
Here g0,lmg0lk = δ
m
k .
lemma.c: Using (12)in (10) ,the Ricci tensor of Vn becomes:
Rik = R
0
ik + (n− 3)(∇i∇kσ −∇iσ∇kσ) + βik − (∇iσ∇kγ +∇kσ∇iγ) (13)
+g0ik
[
g0,lm∇l∇mσ + (n− 3)g0,lm∇lσ∇mσ + g0,lm∇lσ∇mγ
]
.
Now we prove our theorem. Suppose that Rµν = 0. By algebraic manipulation
we arrives to the following equations:
g0,lm∇l∇mµ+ g0,lm∇lµ∇mµ+ n− 3
4(n− 2)R
0 = 0, (14)
g0,lm∇l∇mλ+ g0,lm∇lλ∇mλ+ n− 3
4(n− 2)R
0 = 0. (15)
Here λ = n−32 σ, µ = γ +
n−3
2 σ. Using these expressions,we are able to rewrite (14)
in the following equivalent form:
Rik = R
0
ik +∇i∇kλ+∇i∇kµ+∇iλ∇kλ−
n− 1
n− 3
(
∇iλ∇kµ+∇iµ∇kλ
)
+∇iµ∇kµ(16)
+2g0ik
( 1
n− 3g
0,lm∇lλ∇mµ− 1
4(n− 2)R
0
)
.
The above equation shows that the Einstein equations Rµν = 0 are invariant with
respect to the mutual interchange of λ, µ.
We note that (17) satisfies by two set of metric functions:
λ = 0, µ =
1
2
log gaa. (17)
This is the seed metric. The next solutions is:
σ =
1
n− 3 log gaa, γ = −
1
2
log gaa. (18)
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This is the reciprocal metric g¯. It completes our proof.
Transformation between two kinds of metrics given by Eqs.(7) and (8) is called
reciprocal transformation. It was proposed firstly for vacuum solutions [10]. How-
ever, later it was extended to non-vacuum cases also. In the present work we shall
investigate the vacuum solutions through reciprocal transformation in the simplest
form as shown in the above theorem[10].
3. Ehlers’ transformation
The basic idea behind Ehlers’ transformation is to find a way for generating a
certain family of stationary metrics from the given static (non-stationary) metrics.
Let us assume that we have a static mass distribution density with gravitational
dipole moments. If this mass configuration is rotated physically around an axis then
it transits to higher order moments, which are quadrapoles in this case. We are
interested to understand this kind of transition in the language of electro-magnetic
gravitational fields. It means we find a similar formulation of the Einstein field
equations in vacuum in terms of a set of the vector fields, in a similar manner as
electric or magnetic fields in classical Maxwell’s theory. Indeed, as we shall observe,
transition of a dipole moment to quadrapole is well understood in terms of the
gravitoelectromagnetic fields. To start, let us introduce a methodology using the (1+
3)-decomposition (threading) of a spacetime,proposed generally for any stationary
spacetime via a congruence family of time like curves. For a typical metric we obtain
following decomposion for the spacetime line element [12] :
ds2 = dT 2 − dL2, (1)
In the terminology of [12], here dL and dT are defined to be the invariant spatial
and temporal length elements under general coordinate transformation. It defines
the spacetime line element between two causal events. They are obtained from a
set of normalized tangent vector T a = ξ
a
|ξ| to the time like curves in the following
form ;
dL2 = habdx
adxb, (2)
dT = uadx
a, (3)
Here hab denotes an induced metric
hab = −gab + uaub, (4)
Here we define a vector potential using Aa ≡ − ξa|ξ|2 . We are able to rewrite the
metric in the following optional form:
ds2 = h(Aadx
a)2 − habdxadxb ; hab = −gab + hAaAb, h = |hab|. (5)
We opt for a well posed and preferred parameterization of the coordinate time x0
(generally and strictly speaking it doesn’t have the same interpretation as physical
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time) for the comoving observers;
ξa = (1, 0, 0, 0) ; Aa = (−1,−g0α
g00
), (6)
So far, we have the following equations[11,12];
dL2 ≡ dl2 = γabdxadxb, (7)
ds2 = e2U (dx0 −Aadxa)2 − dl2, (8)
where
e2U ≡ g00 , Aa = −g0a/g00, (9)
and
γab = (−gab + g0ag0b
g00
). (10)
We introduce U and A as the gravitoelectric and gravitomagnetic potential functions
respectively. The corresponding vector fields are[13];
Eg = −∇U, (19)
Bg = curlA. (20)
where the vector differential operators are computed in the γ space. Einstein grav-
itational field equation in vacuum has the following forms:
∇.Bg = 0, (21)
∇×Eg = 0, (22)
∇.Eg = e2U
B2g
2
+E2g, (23)
∇× (eUBg) = 2eUEg ×Bg. (24)
We have the following theorem:
Ehlers’ Theorem[14]: If
gµνdx
µdxν = e2U (dx0)2 − e−2Udl˜2. (25)
with dl˜2 = e2Udl2 representing the conformal spatial distance, represents the
metric of a static vacuum spacetime, then,
g¯µνdx
µdxν =
1
αcosh(2U)
(dx0 −Aadxa)2 − αcosh(2U)dl˜2. (26)
(with α = constant > 0, U = U(xa) and Ab = Ab(x
a)) is the metric of a
stationary vacuum spacetime if and only if Aa satisfies the following equation;
α
√
γ˜εabcU
,c = A[a,b]. (27)
where γ˜ = detγ˜ab, γ˜ab is the conformal spatial metric. Eq. (27) is called as the
Ehlers’ equation. Integrationg of Ehlers’ equation is equivalent to solve Maxwell’s
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equation by a given scalar potential U . In this work, we shall derive the reciprocal
NUT spaces as the stationary spacetime which is the gravitational dual of reciprocal
static space as seed.
4. Properties of gravitoelectromagnetism equations under
reciprocal transformation
Throughout this section we usedˆto refer to the reciprocal quantities . By simple
replacement of Uˆ = −U the reciprocal form of (25) is obtained as:
gµνdx
µdxν = e−2U (dx0)2 − e2Udl˜2. (28)
One can write (26) analogous to (28) in the form:
g¯µνdx
µdxν =
1
αcosh(2U)
(dx0 − Aˆadxa)2 − αcosh(2U)dlˆ2. (29)
The reciprocal vector field Aˆ satisfies the reciprocal Ehlers’ equation:
− α
√
γˆεabcU
,c = Aˆ[a,b]. (30)
Note that dγˆ2 = g00gijdx
idxj = dl˜2,consequently
√
γ˜ =
√
γˆ. Comparison of (27,30)
leads to:
Aˆ = −A. (31)
So, gravitational dual of the reciprocal metric changes the gravito fields to the
following forms:
Eˆg = −Eg (32)
Bˆg = −Bg. (33)
The reciprocal forms of the field equations are written in the following:
∇.Bˆg = 0, (34)
∇× Eˆg = 0, (35)
∇.Eˆg = e2U
Bˆ2g
2
+ Eˆ2g, (36)
∇× (eUBˆg) = 2eU Eˆg × Bˆg. (37)
Note that e2U |1+3 = 1α cosh(2U) |Ehlers′ . Under reciprocal transformations the system
of the field equations remain invariant if and only if αˆ = −α. To preserve the same
forms of the equations for (Eˆ, Bˆ) under reciprocal transformation, we must have:
e2Uˆ |1+3 = −e2U |1+3, Uˆ = −U ⇒ 1
αˆ cosh(2Uˆ)
|Ehlers′ = − 1
α cosh(2U)
|Ehlers′ ⇒ αˆ = −α.(38)
Theorem: The full system of the Maxwell equations for gravitoelectromag-
netism fields is invariant under a reciprocal transformation of the fields and NUT
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parameter as the follows:
Uˆ = −U (39)
Eˆg = −Eg (40)
Bˆg = −Bg, (41)
αˆ = −α. (42)
So the original seed metric and reciprocal one, are physically correspond to two
different spacetimes .
5. Reciprocal Schwarzschild spacetime
Reciprocal metric of Schwarzschild spacetime is obtained using the reciprocal for-
malism. One has:
g¯ = (1− 2M
r
)−1(dx0)2 − (1 − 2M
r
)dr2 − r2(1− 2M
r
)2dΩ2. (43)
This is verified to be a non flat exact solution to the vacuum Einstein field equations
using the Maple tensor package. a.
We mention here that the coordinate transformation r = −r¯ + 2M transforms
(43) to the common form of the Schwarzschild spacetime:
g¯ = (1 − 2M
r¯
)(dx0)2 − (1 − 2M
r¯
)(dr¯)2 − (r¯)2dΩ2. (44)
6. Reciprocal NUT space from reciprocal Schwarzschild through
Ehlers’ transformation
We begin with the reciprocal Schwarzschild mertic in the form (43) ;
U = −1
2
log(1− 2M
r
)
and
dl˜2 = dr2 + r2(1− 2M
r
)dΩ2
.
It is observed that starting by this seed metric, the Ehlers’ equation (27) reduces
to,
2αr2 sin θe−2U γ˜rrU,r = Aφ,θ, (18)
aSchwarzschild is unique solution which could be cast in the isotropic coordinates. Addition of a
constant in potential in Einstein gravity is non-trivial, Schwarzshild solution is g00 = −1/g11 =
1 + 2Φ where Φ = −M/r. If one adds a constant to Φ to write Φ = −M/r + k, then it would no
longer be a vacuum solution
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in which we suppose that Aθ,φ = 0 to keep the terminated stationary spacetime
single valued and axially symmetric.
By imposing axial symmetry, gravitomagnetic field is obtained to be,
Aφ(θ) = −2Mα cos θ + c0
(it is compared with the case of non reciprocal NUT space with a plus sign [16]).
So the resulted stationary metric is given by;
ds2 = − 1
α
r2 − 2Mr
r2 −Mr + 2M2
(
dt− (−2αM cos θ + c0)dφ
)2
+ α
r2 −Mr + 2M2
r2 − 2Mr dr
2(45)
+α(r2 −Mr + 2M2)(dθ2 + sin θ2dφ2).
It coincides with the NUT space in its original form if we apply a suitable coordinate
transformation [16]. Indeed, this solution matches to the previously solution was
obtained in [19]. The case of pure NUT is obtained when we setM = 0 but we kept
qˆ = αM 6= 0, c0 = 2αM , it reads as the following form:
ds2 = − 1
α
(
dt− 2qˆ(1 + cos θ)dφ
)2
+ αdr2 + αr2(dθ2 + sin2 θdφ2). (46)
If we rescale the radial coordinate as
√
αr = r˜ and meanwhile t˜ = t√
α
, q′ = qˆ√
α
we
obtain:
ds2 = −
(
dt˜− 2q′(1 + cos θ)dφ
)2
+ dr˜2 + r˜2(dθ2 + sin2 θdφ2). (47)
Reciprocal transformation here refers to the change of the sign of potential func-
tion U = log
√
g00. It means the reciprocal configurations has the same amount of
energy but with negative sign of magnetic charge. After applying the dual trans-
formation, the same stationary metric is obtained but with a negative charge sign.
Both stationary metrics mimic the same form but their seeds are reciprocal. Dual
gravitational rotation included a NUT charge which has the opposite sign for both
seed metrics, reciprocal and non reciprocal. Physically, Ehlers’ transformation in-
duced a reciprocal (with opposite sign) of gravitomagnetic monopople charge .
Reciprocality in the energy content of the seed metric is related to the charge of
the resulted stationary solutions.
7. Reciprocal Morgan-Morgan disk space
The thin metric of a static disk with gravitational Quadrapoles was introduced orig-
inally in [17]. A modern formulation of this metric was presented later by Morgan-
Morgan (MM) spacetime [18]. The appropriate coordinate system is oblate ellip-
soidal coordinates (ξ, η) in which the definition of these coordinates is understood
through the The Weyl (ρ, z) axial coordinates are;
ρ2 = a2(1 + ξ2)(1− η2) , z = aξη , |η| ≤ 1 , 0 ≤ ξ ≤ ∞, (37)
The location of the disk is at ξ = 0 , |η| ≤ 1 .
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Reciprocal MM spacetime is written in the following form:
g¯ = e−2u(dx0)2 − e2u
[
e2k(dρ2 + dz2) + ρ2dϕ2
]
. (48)
in terms of the oblate ellipsoidal coordinates (ξ, η);
u = −M
a
(
arccotξ +
1
4
[(3ξ2 + 1)arccotξ − 3ξ](3η2 − 1)
)
, (34)
and
k =
9
4
M2ρ2a−4
[
(
ρ
a
)2B2(ξ)− (1 + η2)A2(ξ)− 2ξ(1− η2)A(ξ)B(ξ)
]
, (35)
Here auxiliary functions are defined by
A(ξ) = ξarccotξ − 1 , B(ξ) = 1
2
[
ξ
1 + ξ2
− arccotξ], (36)
MM metric is one of the most explicit forms of the disk metrics. It has an interesting
interpretation as a dust disk rotationg clock side and counter clock side in such a
way that the metric has zero net angular momentum.
8. Reciprocal Morgan-Morgan-NUT
Starting with the reciprocal Morgan-Morgan static disk space given by equation
(48) we firstly rewrite it as follows
U = u =
M
a
(
arccotξ +
1
2
[(3ξ2 + 1)arccotξ − 3ξ]P2(η)
)
. (40)
Now selecting an axially symmetric gravitomagnetic potential A = Aφ(ξ, η)φˆ,via
Ehlers’ transformation (27) we obtain;
Aφ,η = 2αa(1 + ξ
2)U,ξ, (41)
Aφ,ξ = −2αa(1− η2)U,η, (42)
where α is the duality rotation parameter and a denotes the radius of the thin disk
. By substituting the above potential into the equations we find:
Aφ(ξ, η) = 3lξη(1− η2)(1 + ξ2) arctan ξ (49)
+
3
2
ηl
[
(piξ3 − 2ξ2 − 4/3 + piξ)η2 − (piξ2 − 2ξ + pi)ξ] + β.
The NUT factor for reciprocal metric changed the sign from plus to minus in the
form l = −Mα (with the negative sign in comparison to the usual NUT space).
To recover the reciprocal Morgan-Morgan space as l → 0, we adapted α = 2β,
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Consequently the metric of the reciprocal stationary spacetime of a thin disk with
mass M and magnetic mass (NUT factor) q is obtained by :
ds2 = −( q
2
4m2
e−2U + e2U )−1 [dt−Aφ(ξ, η)dφ]2 (50)
+a2(
l2
4m2
e−2U + e2U )
(
e2k(ξ2 + η2)(
dξ2
1 + ξ2
+
dη2
1− η2 ) +
(1 + ξ2)(1 − η2)dφ2
)
.
In a similar manner as the previous case and using the Maple tensor package, it is
easy to verify that this metric solves vacuum Einstein field equations .
9. Reciprocal flat spacetimes
As an illustrative problem, consider the following parametrization of the flat space-
time:
gµνdx
µdxν = x2dt2 − (dx2 + dy2 + dz2). (51)
The reciprocal metric for this flat space is:
g¯µνdx
µdxν = x−2dt2 − x4(dx2 + dy2 + dz2). (52)
This metric is non flat. So, reciprocal transformation gives us a curved spacetime,by
starting from the flat spacetime[10].
10. Conclusion
Generating methods to find new exact solutions of Einstein equations are few. As
a motivated work, we reintroduced and proved a theorem. This theorem stated
that for any given static solution of Einstein field equations there exists a unique
reciprocal metric which also satisfies field equations. The physical meaning of re-
ciprocal transformation has been understood via energy tensor. Under reciprocal
transformation the spatial components of the seed and the reciprocal metric are
invariant. But the time component or energy density changed the sign. It can be
interpreted as the negative mass parameter of reciprocal metric in comparison to
the original one. Another important transformation is Ehlers’ transformation, was
called as gravitational dual transformation. It was proposed as a tool to find a cor-
responding stationary metric from a given static solution. The main idea is inspired
by the concept of rewriting the Einstein equations in stationary spacetimes in terms
of a pair of electro-magnetic fields which have gravitational origin. Following this
formalism the field equations can be cast in the form of Maxwell’s equations. In the
present paper we have come up to an work where, by using the Ehlers’ (dual gravi-
tational) transformation ,by starting from the reciprocal Schwarzschild , reciprocal
Morgan-Morgan-NUT as seed metrics we find their corresponding stationary space-
times. The stationary space-times obtained in this work is found to endure from
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a NUT-type family of solutions. Under reciprocal transformations , NUT parame-
ter changes the sign due to the fact that reciprocal seed and the original one has
reciprocal mass parameters. It has been shown that the system of field equations
for gravitoelectromagnetic fields is invariant under reciprocal transformations. An
additional observation is that the NUT charge is changed the sign. Starting from
any static seed metric, performing the reciprocal transformation and by applying
an additional Ehlers’ transforation we have obtained a family of NUT spaces with
negative NUT factor (reciprocal NUT factors). We mention here that finding the
reciprocal transformation for a stationary space time in the following form :
gµνdx
µdxν = −N2(xµ)(dx0)2 + gab(dx0 −Nadxa)(dx0 +N bdxb). (53)
Is an open problem which is under study.
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